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Lecture 18 Repea ted Games 

Lecture18:R<"peatedG.ames 

Rec.ipf,_1 .. tclass 

Monethanoo,NEinth<,tal"l'""' 

E><>mp,1<2 

lecturel8R.-pe.,tedG.a,,,.,. 

Toeofem 
Suppos,, that th<>t•l",-•""' G /Ja,exaa/y""" NE, (•i ,..; .. . , a; ) Th6> foraoy 
5E (0, l]andanyT.1MT·tt~rep,a t«J ,-am,,ha,aun;q.,, sp11£in..,hk:h a ll 
,.,,.,..,,. i ,.,,.,, . ; a,•11 iofc,ma tio<> s,ts. 

• Th<b>Si<:;.l<aoftht~lfo,1h;spr0p<><ition;s e><><t ly th<S>meth•t wes,w in 
t h< r<1><>1edpri,on<r',d ilemm• 

• Th< ba>k.deaoftht!lfoofforth"llf0p0Sit100;s.....,,1y th<,..m<th>1-...,. in 
th<rti>U\edllf-·• dilemm• 

• All ?>StP,)'Clfu>te><1n1< 

• Th< ba>k.deaoftht!lfoof forth"llf0p0Sit100;s .....,,1y th<,..m<th>1-...,. in 
th<rti>U\edllf-·• dilemm• 

• All ?>StP,)'Clfuare,un1< 

• lnt ht l•stperiod,tht;ncent 'itiofallpl..,..,,.•,. .. ..,tlyth<S>""'•' ;r,h<g;,me 
_,eb<in1 pla)'edooce 

• Th< bask.deaofthtprooffor th.,pr0p0Sit100;s.....,,1y th<,..m<th>1_...,.;n 
t h< rti>U\e<lpr;..,,,er', dilemma 

• 1o tht l .. tpe,NXl, \ht;nce,,1'itiofallpl..,..,,.,,e .. >ctlyth<S>""'as;fthtg;,me 
wereb<i"gpl,y,,donc, 

• Thus all pl"l"'l'i mu,t play th< >tag• l'""' Na,h oq uili br;um acboo - d- of 
thth;sto,yofplayupto thatpO<m 

• Th< bask.deaofthtprooffor th.,pr0p0Sit100;s.....,,1yth<,..m<th>1_...,. ;n 
t h< rti>U\e<lpr-·• dilemma 

• 1otht l .. tp,,NX1, \ht;nce,,1'itiofallpl..,..,,.., ... >ctlyth<S>""'H;fthtg;,mo 
wereb<,i"1plo)'edonc, 

• Thusallpl"l"'r>muilplaytO<,tag•l'""'Na>hoquili br;um>etfOO t,g,tdl.,.of 
tO<h;sto,yofplayupto thatpO<m 



.. Th<bMic ;.l,o o/th<~/i:,1h;sp,Op<>Sat'°";s e<><t ly t h< .. methot ,.....,. ;" 
t h< r<1><>1edprison<r', dilemm• 

.. All i»<t-1f>.,ewn); 

.. lnth< l, ,tperiod, t ,..iocent ive,;of,llpla')'<'f'>tte'.Qetlyt,...,me,,;r,,.. , .,,.., 
-re~ngpl~onco 

.. Thu,,llf",yeJ> mustplayth<,t>&<&>m<Nnhoq uili brium>ct'°"~>rdles>of 
, ,.. h,.toryofpbyuptothatl)O<nt 

.. Koowingthat th< ruge&,>m<N,<hoqu il, brium;s JoinJ to bef"•y,d t<,1norr<,.. , at 
onyinlo,m>t'°"set,-canigno,eth<i»<tpayolf, 

.. Th<b>Sic ;.l,o i>ft h< p,0,0f fo,1h;sp,Op<>Sat'°";se<><t ly1h< .. methot ,.....,. ;" 
t h< r<1><ated""'°'""'• dilemm• 

., All i»<t-1f>.,ewn); 

.. lnth< l, stperiod, t ,..iocent ;..,,of,llpl,yer> >ree:QCtlythes,me,,;r,1,e ,,,..., 
-•~ng pl~once 

.. Thu,,np,ye,. mustpl,y th<,t•1• 1>meN,<hoq ui li brium>ct""1~.,dles>of 
t h< h,.toryofpbyupto thatl)O<nt 

.. Koowingthat th<>t>g< &,>m<N,<hoqu il, brium;s JoinJ to bepby,d tomorr""' · " 
onyinlo,m, t<>nset,-canigno,eth<i»<tpayolf, 

.. Wecoocentoateju.toothepayo/f, inth<future. Th u,inpe,iodT 1.pl,yeri 
'mplyw,nt>\om,i m·,e 

.. Whatpl,yerif"ay,todayh,,no~Utt1Ce,/i:,whath•P!>ffl' inpe,iod T 
sin«1-sowthotollp,-,.;11p1,ya' nomme,whatho-s ;n pe,iodT - l 

., Wh>tpl,yeripl>y,todayh••no«>n'"'1Utt1C .. fr,iwhath•-• ;npe,i<>dT 
sin«1-sowthotollpl>ye,...;11p1,ya' nomme,whathop;,e,ns ;npe,iodT - l 

., Wh,t pl,yeripl>y,todayh••no«>n'"'1Utt1C .. f0<whath,_, ;npe,i<>dT 
sin«1-sowthotallplaye,s,.;11p1aya'no mrne,whath>Wffi' ;"pe,iodT -l 

., Wh>tploye,iploy,\odayh,.no«>n'"'1Utt1C .. f0<wh>tho_, ;n pe,iodT 
sinc<,....,.that,llpl,yer,..;Uplaya' oomm«wh>t h,Pl>ffl' ;npe,iod T -1 

Lectu re 18: Repeated Game, 

Lectu re 18: Re peated Game, 

M0ttth, noot NE int!>truc• &>'™' 



.. Wh>t"'°"ld happ<fl ifth<tt ar<more thanooeNEofth<st>i• ,•me? 

.. Tn.tt.,• twopo,• st•>t•gyN>sh0<1uilib.-i> (A1,A,)>nd(C1.C,) 

.. Tn.tt .,• twopo,• st•>tegyN ash0<1uilib.-i>(A1,A,)>nd(C1.C,) 

.. (61, B:,) i> not• Nash 0<1u ili b.-ium ~ the p me i> oo~ pl>)'OO one, 

.. Th<tt >•• twopo,• st•>tegyNash0<1uilib.-i>(A1,A,)>nd(C1.C,) 

.. (61, B:,) i>not a Nashequ ili b.-ium ~th< p mei>oo~pl>)'<Ooo« 

.. lntt,,one-<1>ot g, ,,,., U,• N• sh0<1uili bri• ot• in<ffo<i<nt tH,c,a u .. t "".f at• Patoto 
<lom in>t«lby(81.B:,) 

.. Pl>)angth<NEoftt,,$!>&< 1>""'in ~ pe,«l i>a SPNEinthe ,<i>Ute<lga,n, 

.. Pl>)angth<NEoftt,,$!>&< 1>""'in ~ pe,«l i>a SPNEinthe ,<i>Ute<l ga,n, 

.. Alw.a)$1)1>)'ng (A1,A,) i> aSPNE 

.. Alw.a)$1)1>)'ng (A1,A,) i>a SPNE 

.. Playe,! ',st,otec:y i> g;-by 
!. l'l>)' A, in,,..iodl; 
2 f>t>:r A, at,l h,.,c,;,.o, ?«iod2 

.. Pl>')'ef2',m>te&:l' i>lf'ffi by 
! f>t>:r A,in oe,io<l l , 
2. l'l-,. A,>1al h~1c,;e.o, ?«iod 2 



.. ,.,lw.y, playin, (c, , c,)i> •SPNE 

.. ,.,lw.y, playin,(c,, c,)i> •SPNE 

.. Pl..,.... l's,tcat<c:1i>gi_,by ,. ~,,.,..,.,. , 
2. ~ C1 >talllli<lc.i«;, ,,..ioo 2 

.. P1..,....2·, <trat<c:1i>J<_,by 
! P..,.c,;.,,..ioo! 
2. ~ c, .. o11t..t""" '" ponoo2 

.. Comt.n;ng Nfoft M<tag• ca""'>< • i<o • SPNE 

.. Comt.n;ng Nfoft M<tag•ca""'><• i<o • SPNE 

.. Pl>)ang( A, ,A,);n 1 ~ 1 ,00 (C, . C,)n> 1 ~ 2;. , SPN E 

.. Pl>)ang( A, ,A,);n 1 ~ 1,00 (C, . C,);n 1 ~ 2;. , SPN E 

.. P1..,.., 1',st,• teci>J'_,by 
l. ~A, ;n ,,..»d l . 
2. ~,, .... hHt<>"i«"'""""'2 

.. P1..,....2·, m »<c:1 i>l"'ffi by 

i ::: ~ ~~ =:,;;... ., ,,...,,12 

.. P1..,.., 1',st,>teci>J'_,by 
l. l'l>)' C, in,,..ioo l 
2 ~A, ot,l h,.,c,;,.;. ,,..ioo2 

.. P1..,....2·, m »<c:1 i>l"'ffi by 

i :::~:;,:~,~ ........ .,. 2 



• Th,.»un,nter«ting~oc,NWl,qu,l,briaareplay«Jin""""fp,riod 

• Th;.cooklnoth app,,,wh<n t .. <t;,g<gatNha<laun"l""NE 



.. To,..,h;,,wpp050 th•t>h;s,o,y(•1,-,Jw .. p1~ ;n ~io,d\ ,...., lt;ng ;n 
p;iyofulromp<riodlof{x,y) 

.. S,n<e,..,,eju<taod,ncth< <a m<(x.y)to uch«llandmuh iplyingby&. t O< 
N•s.h equil;b,ium ,..,.,•;ns un<h ong<dfromt0<0,;g;n•loto; e gome 

.. S;n«-..-e ju<taod;ngth, .,m,(x. y)to-h<ell,ndmult ;plyi , 11by6. 10< 
Nas.hequilibnum,e.,,.m,unch, ngedfrom tO<o,ic inal ,tag• c•me 

.. S;n<t- ¥ e j"5! ,od;ngth< .,m, (x. y) to - h cell •nd mult ;plying by 6. t O< 
Nas.hequilibnu m ,..,,am,unch,ngedfrom tO<o,iginal ,uge c•me 

.. Thus afto,anyh;,to,y, U>o,..ofp,"""'"'"iyNEato(A1.A2)ot(C1.C2) 

.. S;n«-"e ju<taod;ngth,.,m,(x.y) to - h<ell,ndmuh ;plyin11by6. 10< 
NWlequilibnum,..,.,,m, unch, ngedfrom tO<o,iginal<t•g• c•me 

.. Thusafto,anyh;,to,y, U>o ,..ofp,"""'"'"iyNEato (A1.A2)ot(C1.C2) 

.. Since SPNEo,qui,es Nas.hequilibnum in'"'"f'f"'bfame,th;,m,,n,thatafter 
anyh;,to,y,(A1. A2)ot(C1.C2)mu<tbopl')'M 

.. Coo...;..- th< folk>winc ""'"C' profiHe, where we ?<m i"1 in , - 2 if we don't pl')' 
(B1.B,) int • l 

.. Comide<th<folk>winc >1'atecprofiHe ,where we?<Jni"1 int - 2if wedon'tpl')' 
(B1.B,) int • l 

.. coo...;..-th,folk>win1 >1,atecprofiHe,wherewe?<Jn i"1 int - 2if wedon 'tpl')' 
(B1.B,) int • l 

.. Annapla)'<th<followong,t<at"iY" 
l. Pl')' B, ;n ,,..00 1 



.. Ann•pl>ysth<foll,:,w;ngst<•tegy 
l. PbyB,;npmod l 
2· ....,.,., ;n ,,..;oo2 ;f ...,,.h;fllo!l1«t..,.(8,,8,)~pt.,...i;,,,,..;oo 1 

.. Ann•pl•ysth<follo•Mngst<•tegy 
l. PbyB,;npmod l 

; ~ ~:::::;:~~1:~~~:~pt.,...i;,, ,,..;oo1 

.. Bobplays , <imilar str>l<JY 

.. Bobplays,<imilar ,tr>l<JY 
1 ....,.s, ;n,,..;odl 

.. Ann,playsth<followmc str>tqy· 
l ....,.s, ;n,,..;odl 

i ~~:::::;:~:::::-~~~!:~p!.,...:10,p<riod l 
.. Bobplays ,<imilar,tr>l<JY 

l ....,.s, ;n,,..;odl 
2· Pby A,;. p<riod 2 ;r...,,.hin1otl>KtO>n (B , . B,) ~ pt.,...i;,, p<riod 1 

i~PS t /:,N !,:,Z- i/ 
{j=-') V,~,~) t~V,(.A~At.)=o-d 
~ V1l13,,Bl.)1-W,((i,CiJ~ V,~\h> tS.U,0,,Ai}~ 

L-j + ?>i ~ S-t ~ 



.. The..,bgome;, just theo,;g;nol1omewithop>yoflof(4.4)>ddeo10 e><:hbo, 
•ndmult iplyin1b,-O 

.. 1r...,>dd1he .. me u<ililyloa ll bo,. ... then thep,of•,eoc .. olpl'J'O"$.,• 
e<>mplttoly un<l, an1«1 

.. Thefeforethe,et ofNa<hoq uili briaacethe same in th;."'bgamea< in1he«•1• ·-

.. The..,bgome;, just theo,;ginol1omeYnth o p>yoflof(4.4)>ddeo10e><:hbo, 
•ndmult iplyin1b,-O 

.. 1r...,>ddu, . .. me utilityto all bo,. ... then thep,ofo,eoc .. olpl'J'O"$.,• 
e<>mplttoly un<l, an1«1 

.. Thefefore the,et o/Na<h oquili bria acethesam< in th;."'1,ga"""in1he<ta1" ·-

.. S.O it ;, , Na<hoq ui li briuminth;.subgameforplaye,r,toplay(A1,A,) , wh ich et 
con<i.,entwi1h1h<<t,at <cY that""'III'""°"" 

.. Let 0<now ch<ckthatafie,ot,,,e,in1 (01 .o,J ,/; (B1, B,),1h<n it0l a NWI 
oquilibrium in the<ubgamofr,i?iayt«toplay(C,.C,) 

.. Let0<nowch<ckthat afterob,,e,in1 (01 .oo) Y. (B1, B,),th<nitOl a NWI 
oquil ibr ium in the<ubgamofo,pl,y,,«toplay(C,.C,) 

.. 11(<> 1 . .-.,) ~ (B1.B;) Ol°""""" th,,e.,e '°""'pa)<>fk(x.y)sochthatlh< 
<ubg>m<ind..cestotfoUowi ngnor m>l fo,m 

.. /lv ;n ;nt!, ;,c ... , noteth>t-arosimply>dd ;ng th<,amepayoflp,oi<le(x ,y)to 
ev,rybo,.andmuh iplyin, b,-0 

.. /lv in inthetc ... , noteth>twoare simply>ddin1 th<»mep>yoflp,oi<le(x.y)to 
.,,._ryt,o,.andmultiplyingb,-0 

.. A~ in inthetc ... , noteth>t...,are simply>ddin1 th<.,mep>yoflp,oi<le(x.y)to 
.,,._ryt,o,.andmult iplyingb,-0 

.. W• h,,,..ch<c k«l that th<,tratecprofilewa, indttdaN,.,,oquili brium inall 
<ubgam«thatbeginin?<l'.002 

.. W• h,,,..ch<c k«l that th<,trategyprofilewas indttd a N,.,,oqu ili brium inall 
<ul>gam«th at beginin?<l'ood2 



• Wo ha"" ci-kod that t ho <t<>t,gy ptofilo w" ;,>deod • N"h oqu;1; 1,r;um in all 
..,1,g,..,..,o.,1,tg;nin~ioo2 

• Wonttdtoci-kth>t indttd tO<,tr>t,g;..con,tiMo a N.,hoquilibrium ;n,ho 
wholeg>,.,. 

• Woha""c'-kodthattho,t<at<gyptofilo..a, ;,>deod , N.,hoqu;1; 1,r;um inall 
..,1,g, ..,..,o.,1,tg;n ;.,~,002 

• Wonttdtoci-kth>t indttd tO<,t rat,g;..con,tiMoaN.,hoquilibrium ;n,ho 
wholeg>,.,. 

• Todothis . ...,,l,e><lylj>etif>Odthopl>y>1 >llinlorm>1ionott< ;n10< seo:O<'l<I 
~~ 

So""'c>n<implifytho,•mowhkh l'""' tO<loHowin,1•motftt 

Bi 5,8 1+5.5+5 
C, 5 + . I + l+ ,l+ 

• lnth,. ,•mo tO<best~forpl>y,rii,r 

• lnth,.gam<tO<best ,espon«forpl>y,r i«· 

• (B,_,B,)is•N.,1,equ;i.t,..;um;/4+3.l,'.5+/i 

• lnth,.gam< tO<best,espon«forplay,r i«: 

!,, ;, c, . , _, 
BR,(L;) - 8; ;.f J_, - 8 .;l,4+3.lc'.5+8 

C1 ;1 ._, - 6 _; &•+3.l $ 5+i 

(; ,f .... ,=C-, 

• (Bi,B,)is,N,,;,equ;libr;um ;/4+3.l,'.5+/i 

• (81,B,)is > N>,;,oqu;lit,, ;um ;fJ> 1/2 

• lnth,.gam<tO<bestrespon« forplay, r i«· 

• (Bi,B,)is,N,,;,equ;libr;um ;/4+3.l,'.5+/i 

• TO<,tr>t<iyptofiMeO<fo>OdforAnnaaOOBob>t tO<b<f;inn ;ngofth""""""i,; 
i!'>deoda.., l>g>m<pt'1o<:t N>sl>0<1uilibriumifplay<«•> luttl><fut u,t<n«<gh 
(5>1/2} 

• lnth,. gam< tO<best~forplay,ri «· !,, ;< c, . , _, 
BR,(L;) - 8; ;.f._, • 8 ;l,4+3oc'. 5 +8 

c, ;1 .... , - B_, & ,+3.l:,s+i 

(; ,f L;=C-; 

• (Bi,B,)is,N,,;,equ;libr;u,n ;/4+3.l,'.S+li 

• TO<<trat<iyptof;MeO<f;nodforAnn,,OOBob>t tO<b<f;inn ;ngofth""""""i,; 
i!'>deoda.., l>g>m<l)trt<CtN>sl><quilibriumifplaye«•> lutthofut u,t<n«<gh 
(5>1/2} 

-- ~~,:~1hofuturott>0u,h(J > l/2),thonthofuturopti,o i,; ..orththo 



• • , .. 1 .... ... , • • •••• ,, ••• _., •• ~ 

• . , ,,1 · . .. ,.~ . . , • .,· .·· . ..,,., ..• 

• " 1h '"""'' f"•"'·,.·· u, ........ 1 .. .,..,.,,.., ....... ,... '"'"'"": 1o...i •• , ... , ... . .... n, ,., 
(h, , ,, ·h ·J.,., .11,;. ,, ,.1 

.. . . ... 1- .... , ........... , •• • ••••• i,., 

.. .. , .... , .... : l 'l>l>MO ... llf-"•.••• .. •\-(,>Y.-(,:,0/1 1 ... .... ,.. " "" "'' 
........ ,,..u .... , 

• Th •.,ln•~" .. ,.. ...... t ,,» ,,i.;::, ,., .,,., . ,ll<,•\ o:·i,J ,.wl l.<;,,,,.; 
... ... \'.'''i"'"" ~-,·,••ll-11 

• l, 1,- .... ,,,, to"'•""''•"''"" l"•""'• ~•N .. M,,.1,-,,o \ • ... 
;,i.Ho·u, 11..,, ,,,.,.....,._.....i ,. .. ., ..... . ,.: ,.,.::,.,".1h•"'" ''""" 
,··:· , , •• ,:' · "'•·"·~ -- . ,. : ~ ,, .. ....... . ,.:; . ... .... l·~ ,, " ·" . ,.,. 

• 1o 1h,"""'''"""'·u·,u,.,, ... ,.1h , . ..,..,.., ... · ... ;..1 ,.a.-... ; r,...i ,., 
. , ... . . .... 11 .. .. . 

• Ill ... ,,, ,1"""(.,,.-t• .... , . 'I H. • N -·< ( h, , •' •4_.1,,., .... :.,, ,.1 
jh .. \""f,>Y ..... _ .. _,11 

• 1o r,,. ,,.,.,. • ...., ............. 11>, , .. ~ , ... ,11 .... , to .... ,, ., ,, ..,, , . 

,'!~~~ ~·:~': ·.: ~~·~,~~;;: ~;:'~.~:·:· ;;,',1 .;: :'.; ~ ·,:· :~.~~· .: .~ ,-;.~:.:.· • ....... , ............ . 
• , . ..... 11 ••• ,11. , ;, .. , . ,.· . .. ,. 11 ... 11 .... , .• ,. ......... .... , ... ·i , J• 

"I H,'. ,, ;, : ,11 ... o, o- M : •l i- •.• ·1 ·~ .. . ,..,,,,., ,,,. , .... , ,.., ;l·, •N" 
11o .. ,......, . ... ~ . ... ..... ... , .. . 

. . . ... 1- .... , ...... ..... , .. . . . ... 1- , , 

• ,. ,,. ,.u,.•·o ......... u ......... ...... , .. ,,,y .. ,:"'""' '"• ·""• """ ''" : ....... ,,..,c.-u, 
• '" "''f'•½.• ........... , .... ..i. i l:, " ' ... , • • i.l<,·~o: 'i•J ,....,.11.,;, ,,.,; 

.,, .. ~-~., .. ;. "">1•·•·11 
. .. , ... ..... ,, •. ~ ... .,. .. .-,, ,t .. , l .. ~-· (','N""""'' '•"\• ... 

~•·" *'"' 11 ... , • \:., ,.,.....,,.. ,.,. . ,.. .. .,,,u: .,..,..,..,.., u ~ u,:.~ ,.:, ,ru 
;•:'~.· :··-~""''t,,;,., .. ,,is·. !h , . ..,. , .~,;;, ' ",.., · . . ½ .J " "' , . ""· 

.. " ""'*" .. . .... 1. • . ,. ... .. .. ·" " • •••• , • .,, •• •• ~ .... ..... 
;,i.H, u, i•:.liJ•.,•··" ''" 11.(~, ~ ... . ,., .... ,w. ,t. ,u ~ .i i'.t· , 11 ·.I 
'' ' ' '-'' *' ''"_., :~·· .. . , ••. 

.. 11i..-,,, , ............... ,.,,. , .. ,.hlf\lt lJ:.-• •\• ll t : .v.,._,.,.., ,,,., .. ., 
.-, ,11.,, . ... ~~ 

.. .:.,,11, .. ., ...... ...... .. .r. •• \ .... , •• .,11-.., ,. 11, , .. : ...... ,, 

m . . . 

I"' I'· C 
,,, IJ 0.t• ft. : 
f, 0 0 ,. ~ ' · ' 
( ·• 0 0 ~ I ; . ; 

~ w_. ,.,,, ... ... .,,,,., ..... , ,., , ., 1 .. , .n: :,.1, 1,, ..... -.. 



.. Ar< tO<r<•n,otO<r,ctiooprofilesthatc,nbepl, )'<d intO<firstp<f>Od> 

,, , 
A, l.l .0 ,0 
B, 0.0 1, 
c, 0.0 

.. Rem<mbereith<r(A,,A,Jo,( C, , C,)mustb<pl,)'<din , nypur<<traten SPNE 
ofte,oh i•to,y 

.. _let"'"'&"" th•t (A,.B,),:; noot bepb)«linp<r>Odl in>SPNE 

.. Na,,,let"'"'l"'° l h>t (A1,B,)c; no,o\ be pl>)«linp<rio<ll in > SPNE 

.. SuppOMotht<w;se 

.. _ie,,... .,, .. , hat(A1. B,)unootb<pl,)'<dinp,riodl in , SPN E 

.. ~ m,tt«whath,ppen1in t0.1«oodp<f>Od, t O<r, ;.now"YA1 cookfbe ,best 
,e,.po,,,.opinstB, in thefirsti>«,od 

.. _ie,,....,, .. , h,t (A1. B,)unootb<pl,)'<dinp,r>Odl in,SPN E 

.. ~ m,tte<wh,t h,ppen,in t0.1«:oodp<f>Od, tO<r,;.now"'fA1 cookfbe , best 
,e,.pon,eogoinstB, in thefirsti>«,od 

.. The mo, imumpayoffthotploye,lcoul<lgetfromploying 0«0,dingtoth;, 
"suppo,,,f' SPNE 

u,_ (A1,B,) +6u,_(C1, C,) - 3o 

.. _ie,,... .,Jt><th>t (A1. B,)unootb<pl,)'<dinp,riodl in , SPN E 

.. No m,tt«wh,t h,ppen1 in tO<IOCoodper>Od, tOff•;.now"'fA1 eookfbe , best 
,e,.pon,eog,in,t B, in thefirsti>«,od 

.. Them»imumpayoffth>tpl>ye,lcoul<l11etfrompl>ying 0«0fdin11toth;, 
"suppo,,,f' SPNE 

u,_ (A1.B,)+6u,_(C1 . C,) =l,l 

.. Na,,,let"'"'Jt>< t h>t (A1. B,) u nootb<pl, )'<dinp,riodl in,SPN E 

.. ~m,tt«wh, t h,ppen1 in tO<IOCoodper>Od, t O<r, ;.now"'fA1 eookfbe , best 
,_,.,g,in,t B, in the firstp<f,od 

.. Them»imumpayoffth>tpl>ye,lcoul<l11etfrompl>ying 0«0fdin11toth;, 
"suppo,,,f' SPNE 

u,_ (A1.B,}+Ju,_(C1 . C,) =l,l 

.. _,UppOMthat pl>yerldtviot .. toC1 inste>dofpl>yingA1 

.. The...,,.ttO<~ thot hecou logetin,ayS PNE 

"1 (C1,8, ) +J.,, (A1,A2 ) = 5 + 6 

.. _ie,,... .,JL>< t h>t~ nootb<pl,)'<dinp,riodl in , S,!!t!.l 

.. SuppOMotht<w, .. 

.. ~m>tt«wh,t h>ppen1 in thelOCoodper>Od, t O<,o ;.now"'fA1 eookfbe , best 
,_,.,g,in,t B, in the firstp<f,od 

.. -,UppOMthat ploye,ldtviot .. toC1 inste>d ofployingA1 

.. The = the~ thot hecou logetin,nySPNE 

~ + ~ ) = ~ 

.. _ie,,....,Jt>< t h>t (A1. B,)unootb<pl,)'<dinp,riodl in, SPN E 

.. ~ m,tt«wh,t h,ppen1in tO<IOCoodper>Od, tO<r,;.now"'fA1 eookfbe , best 
,e,.pon,eog,in,t B, in the firsti>«,od 

.. The m»imum payoffth>tpl>ye, lcoul<l 11etfromploying0«0fdin11toth;, 
',uppo,,,f' SPNE 

u,_ (A1.B,)+6u,_(C1 . C,) =l,l 

.. -,UppOMthat ploye,ldtviot .. toC1 inste>dofployingA1 

.. The ...,,.ttO<~ thothecoulogetin,nyS PNE 

"1 (C1,B, ) +J.,, (A1.A2) = 5 + 6 

.. 5-t5;,,tw,y,cr<>ter th,nlo 

.. Bypl,yinc C,,g,inst B,,ploye,l c,ncu>r>nte••h•ch<r ?>l'lff 



• C•ntMl'obe• SPNE;nwhoch(A1. C,) i<pl.,,...;npo<iodl? 

• C•nth<robe•SPNE;nwhoch(A1 . C,) i<pl>y«l;n !>ffiodl? 

u,_(A1.C,)+6u,(C, . C,) • Jd 

• C•ntMl'ebe•SPNE;nwhKh(A 1.C,) ;.p1.,...i;n!>ffiodl? 

• C•nth<,ebe•SPNE;nwhKh(A1.C,) ;.p1.,...i;npo<iodl? 

• l +.! i< •lw•y<,,.. ,.,,h•nld 

• C•nth<,ebe • SPNE;nwhKh(~ p1.,...i;npo<iodl? 

• Bypl;yingA1 ;g;;n,tC,, th<bost th>tpl-lc;n ~for ;n;SPNE ;. 

~ · ~ =Jd 

· #-1 ·1,1ua11uie,th;nld 

• Symm<tri<• lfyth<rec•nootbe,nySPNEinwhKh(B1 , A2)•nd(C1 , A,)or, 
pi•~inp,,oodl 

• Symm<tO<,lfyth<rec•nootbe , nySPNEinwhKh(B1 , A2)•nd(C1,A,)ore 
pi• ~inp,nodl 

• We;l,o;dykn(IW"th;t(A1,A,).(61,8,),((1,C,)c;nbepl;yed;,,oSPNE ;n 
po<iodl 

• Symm<tO<, lfyth<rec•nootbe,nySPNEinwhKh(61 , A2)•nd(C1 , A,)>re 
pi• ~inp,,oodl 

• We;l,o;dy kn(IW"\h;t (A1,A,). (61,8,),((1,C,)c;nbepl;yed;n,SPNE ;n 
po<iodl 

• n,,,em,;ning q.,..1iooi<wh<tl>e, (C1,8,)<>nbepl>y«linpo<iodl 

s~~H-s; 
2-~;, 3 
~ fK,1;l/ 



• w,~nowthattM<t,,t,:gy;. , /-/f in ,o,..,t,g,.,.,.,h.,,u,. ;n t =2 

• w,~nowth at tM<t,,t,:gy;. , /-/E intM..,bg, .,.,.,hat st, ,. ;n, = 2 

So_c, n >implifytM ,am<which (iw< tMloHowin,1a<n<tftt 

(5 1 3U f 3J) 

T..norm,lformof1h;.~m,(CO<>d1100,loowhathapp,n,inT • 2J;. 

[,, ,, ... , 
BR1('2)= ~: :: : : ~ 

B, if'2 • C,&c 6 • 1 

• ln th" ''"" ' "'b<ot""l'()<!'<forplay,,2 ;.-

[,, "• · ', 
BR,(>,) • ~: ::: =~: 

B, if>, • C,&c O• l 

• lnth;.g>m< tMbest,o,.poos,forpl-;;.; 

• lnth;. g,,,,. tMb<ott"'l'(l<l'<!forplay,,2 ;. 

BR,{>,)=[~: ::: =~: 
B, if>, = C, &c J= l 

• An tquilibriumwtcomeolth;.1,me ;. 1oploy(C1 .B:a ) ;n p«iodlond(C1. C,) 
m p<riod 2 if~ • I 

• We~nowthat tM,trat"l)';., 1-/E intMsubi•"""'hatstart ;n <• 2 

I+~~~ s+b 
~~z_ I 

;y"1-K~~ \ 1 



• B,iwh,t alx,,;t 1he-game? 

Sowtc>nsim1:Mythegomewh;chg;va t"<~low;ng game1<et 

Ann• 

• n,.,,.,. m, nymanyr,u,< ot,atq.ySPNEofth;s g,m,1 

: ~~~~~~~~~~~:~~~~::'.::~":"'~ 
: ;;~~;;;;;;~:~::::~:~ ... ~ or.II 

., 

\+:s~~ ~+S 
z_~?rZ [£fD-'plf,l 



• w.~,_that t ..,lolio..in1M<po,oible<Gu;lit,.;umootoom<> 
l (A,,A,).(A,.A,) 

• W< k,_ that,.., folio..ing ar• po<Sible <Guilibr;um ootcomo< 
!. (A,.A,),(A,,11,J 
2. (A,,A,),(C, . C,) 

• W•k.,.,.. that t..,folio..ing ar•po,oible<G uilibr;umootcomo< 
!. (A,.A,),(A,,11,1 
2. (A,,A,),(C, . C,) 
J. (C, . C,),(A, .A,) 

• W•k.,.,.. that t..,folio..ing ar•po,oible<G uilibr;umoot«>m« 
!. (A1,A,),(A1,A,I 
2. (A,,A,),(C, . C,) 
J. (C, . C,),(A, .A,) 
<. (C,.C,) . (C, .C,) 

• We k.,.,..th>tt..,folio..ing arepo,oible<G u;hbr;umoot-
1. (A1 .A,).(A1.A,J 
2 (A,.A,),(C,.C,) 
l. (C, . C, ). (A,.A,) 
< (C1,C,).(C, , C,) 
S. (B, . B,).(C, . C,) 

• Wek.,.,..th>t t..,folio..ing arepo,oible<G u;hbr;umoot.,,,,,.. 
!. (A1 .A,).(A1.A,) 
2. (A,.A,),(C,.C,) 
l . (C, . C, ). (A,.A,) 
• (c,,c,1.1c,.c,J 
S. (B, . B,).(C, . C,) 
~- (C1, B,), (C,, C,l 

• Wek.,.,..th>t t..,lolio..ing arepo,oible<G u;hbr;umoot-
1. (A1 .A,).(A1.A,J 
2 (A,.A,),(C,.C,) 
l. (C, . C, ). (A,.A,) 
• (c,,c,1.1c,.c,J 
S. (B, . B,).(C, . C,) 
~- (C,, B,), (C,, C,l 
7. (B, . C,).(C,.C,I 

T•I f 'l. '°' t>I 

• w,,,.f,.,,~,_~,,,.,_~~J,M_ 
i [~::;:u~::~] I) ,,,,,,,"·" e ) • (c,,c,1.1c,.,,J , 
S. (B, . B,).(C, . C,) f 
~- (C1, B,), (C,, C,l 
7. (B, . C,).(C,.C,I 



.. ... ,.,,, ..... ,1.v..,·.,,.,,.., ............ ,\ .,;; .. ,., y- 4 -.,,. .. ·, . . •.:, ;.•,,,,.; 
• e .•.;, :,·. ~., 
~ :.r::~(~·t '. 
; i!<<'.) ;( •• ·.,• ; ,_ ... . v·.· . .-.,. 
: .•,::,;.;,, ,:-, 

.~ ......................... ;,., ,.,.,, 

. ...... ....,,..., .•.•• ..,~ ,r.·1t,....,i•v.1·,11, .,.,.,.r ... .,., 
~ .. : .... !,,.~,; 
~ :\>.i·r :·-:-:: 
~ :.~:.~~.:!2:f~·: 
: i !< .... . , • ·.: , 

. ......... ,.. ,..,, .. ~,,,..,1;, ....... ,·~ .... ,, ... , .. ~-

~ ~~ ;::;-i~·j;j .. ~ .. ,.,:. ( , , .•. 
: ::~· ~:.,) :~::: 

., t,· 11",lo. "'·~~-11.;, ... , ..... ,.,,.,, f..·, ,·, ., : 

· ., , ,, &.•" 

;·,..,;t• ·•, 1· 1·;.l\••,w..., •• .. •.w1,;.-1--

• Th,w., ...... ... . - ·,.~, ... ,•i.,. :s.,i'.•,·• i.;,.c,: 

• n,.w ......... ,, .- ·i,J,.'l,•1,,;,:~.l',•, ·. ,c-.,~·,: 

• ., ..... , .... , , ..... ,... •• ,t .... ...... 1,•• .. ,.,., .. ...... ,.,,.,., ••• ..,,.,., 
,,..n,,; •.• n,1, :.-... ,1;, , ,.~ . .,,,,.,,·Al 

• 11, ,,..., • ., ... ... ..,...u .. ..., •• ..,. ;_.;,,q •. ,,: •. ,.<·: 

• r ,·, , iJ ,.,.,.,., ,, i• ~ ... ,. , .,,: ,. .~ .... , , ,•,v·.,,· ,,·,,, ,,.,,,,,n•:., .... . J . ~ :• ,u,o/1 t,t1••M I 

• r •• •:• •.•"I ·~;. ,:. :,~, '·: ,.,, , ,.~, ., ,,.:, .u,:, , ,. " · , ;.-, ,. .... , "'' · 
........ ; . -l\<f!l•· ... ,1 .... ,. , ,, .. ,1, .. , .. . ..... , ~ ... .... ,,, ... ,., .... 



• Suppo,oth>t(B, , B,) i,~ay,,d ;np,,.-,d2 aft« (Ai , A,);np«iod I -

• Play«2obu;n,,payoffof 

<in« in period 2 e~h<, (61, B,) o, (C1, C,) will be ~,y,,d in any SPN E 

• Suppo,o in<!,>d thi!(C,,C,)i<~ay,dinperood2aft«(A,,A,J ;np«iodl 

• Su ppose;n,,.,.d th,t(C,.C,)i<~ay,d;np«"Xl2•ft•,(A,.A,) ;np«,odl 

10 + • -~ 

• Suppo,o;n,,,.d th.,(C,.C,)i<~•y,,d;np«"Xl2•ft•,(A,.A,J ;np«,odl 

• Suppo,o;nSl•>d th.,(C,.C,)i<~•y,,d;ni><<"X12•ft•,~ ;np«,odl 

• Byd<vii!,nc toB1 in pe<iod l . ~ay«Iobt, ;n, .,least l l+ O 

• e,,.nthoughthe<e,,e m"1t ;p1eNE;nth<s1>gegome,;1moystdl l,e ;mix,s,i ble to 
ach..,,..Paretoe/f,dentactiooprofile,inperiodl 



• : :;:,~; -.,. ••• .. •• t>,t,.•t• l>< tlV,~,.,1,,'( 'N\M ':.h ... •r.l'f ":''' ' ' ' , 

• :::;•W. • . , • .,....,.,.-,HM.'n ,,, .,.,..,,,i_.,_,,,~,.v;.,,.v, •, ;.,, 

'A •. J,1 y •: ' l( • h : •,1, 1. , ,., , 

._,,,,i.t, , 

• .,, -~l.· " 

• ~:~:,f .:~;:::~~,::,:: ~].'.·.; ~:~'.,l,~: ~~' ::· ,.. '"' r4 ~" to. • • ,m, 
1 

,-, • 11 , ,,: , ., I , 

• ~ . ; 1 ~ • • • t:~~.~:',·,::::~~·~ .... ...... u, ••• .-. ....... ;J.., . ,.-.c 

... /<!!:·'·)( cc,,c.) 

.... , ....... , ... ::, .,, ,,.. . .. ,~:, 

... , ... ,. .,,_, , : . , ... , .. , ........ , .. ., ... 

Jeps? B / /3 !9 V,('.',A~ + ~ IJ,( ~., B.) ,3) • l/ ,(13. ,k), l. U,('/~ l• {J,(C,,~i)-l~U,(C~C) 

lot 1,£i~1-1i+§ 



.. oo( ita<j)I 

St>&<G..mt 

A, B, C, 

;: (:~:'~) (~:~ ~:~ 
c, u, - 2 0.0 1.3 

.. Pl;oy«l 

.. 11 -.1~1ows, "' ~ 10+3& 

.. Pl;f)'<fl 

.. 11 -.1~1ows, "' = 10+3& 

.. II O<<ltfects: ~, • II+ <> 

• Play«! 

• 110.foli<Jws; u1 • 10+3& 

• 1r-.<ltfects, u1 = ll+J 

• Pl..,....2 

• 110<1~.,,,.., .., . 10-1-J 

• Pl..,..,2 

.. 11 oe1~.,,,.., .., . 10-1-J 

,__. - VI\.'._ r- I l\._'--'t .• ')' (l -·-- f ' V/ " l V //' /).i.\-1},V,LC.~<iJ 

lot ~o~ r ( ~· I( t ! 
• II -t' l> 

Wt~~'?,, I It~ - 0 ~ u CC G) 

~ 02-(_A,A){ £Vi,(13i)S~ ¢ • U'!:(A
11 

CJ t:£U{½-C) 

i ~ L · ~ + ?,£ 
lO --r r )• ~+ Sd 

\OLSi >,,, °J-r-5~ 

l /r e-i 
l~![z] ----

S-=- i/ e, 
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• SoMWdo_,,,,,.tr•<t•SPNE w;th (A1.A2) pl")'Min?O<ood 1? 

• SoMW do _,,,,,.tr•<t•SPNE w;th (A1.A2 ) pl")'Min?O<ood 1? 

• n .. ke,, O«, i,i tooot ic<th•t pi•)'<'l'2doe> r,c>t Ottd to b< pun;.t,,d ;r, p<riod 2 
froml)o-e>king t he og,ee,...,.tin pe,.;,dl 

• SoMWdowoco,,1t,..ct> SPNEw;th (A1, A, ) pl")'Min pe,oodl? 

• T heke,,he<e i,i to r>Ot ice th>t pi>)'<'l'2does r>0t0ttdtobepun- ;• period2 
fromllf<•kin1 t h<•11rtt,...,.tin periodl 

• H,i,i i,i """•""' in pe<oxl I pl.,,-., 2 i,i b<st repo<><1 ;ng myop;c,,lly at (Ai , A,) 
•l«>dy 

• SoMWdowocoew ..ct• SPN E .,;th (A1,A,) pi")'Min?O<-xll? 

• T heke,,he<e i,i to r>Ot iceth>t pi>)'<'l'2does r>0t0ttdtobepun;shed ;• period2 

from llf<• ~in1 t he •ll"''"""' in period I 

• H,i,i i,it,.,,:•.,..,inpe<oxl lpl.,,-., 2 i,i b<strepo<><1 ;ng myop;c,,11y at (A , , A,) 
•lne>dy 

• lnot O<fwor<k, Ottd to b<pun;,hed °"lyilthepl"f"l'h•• •d<v;ation t hat 
h<Mfi t< h;m myop;c,,lly o, intheshortt<rm 

• Pl"f"l' l play< thefol""",n1<tr• t,gy· 
l. A1 ;n period l , 
2.B, ln period2 1f pl".l"' lpl.-y<OA, 
l. C1 ;,,pe,;oo2 ~ ,>l".l"' lpl>,«IB,o. C1 

• Pl.,,..,.2pla)"> thefolk>win1>trat<&)' 
l . A, ln period l , 
2. s, ;, period2 ;1p1,,...1p1-,..11, 
l. (, ;,, pe,;oo2 ~pl- l pl,yo<!B,o.C, 

A, s, c, 
A1 10.10) 0.9) 0. 9 

~: (:::=~ (~:~ ~:~) 
• P1.,,... 1 

A, s, c, 
A1 10.10) 0.9) 0.9 

~: (:::=~ (~:~ ~:~) 
• P1.,,... 1 

• Hh< fol,,... , .,,_ _ 10 + lo 

A, s, c, 
A1 10. 10) 0.9) 0.9 

~: (:::=~ (~:~ ~:~) 
• P1.,,... 1 

• Hh< fol,,... , .,,_ _ 10 + lo 

.. HIM<l<foc"' .,,_ . n +o 

A, s, c, 
A1 10. 10) 0.9) 0.9 

~: (:::=~ (~:~ ~:~) 
• P1.,,... 1 

• Hh< fol,,... , .,,_ _ 10 + lo 

.. HIM<l<foc"' .,,_ . n +o 
• F<>"-H ::C j 
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